
FIELD IONIZATION AND FIELD DESORPTION MASS SPECTROMETRY 
APPLIED TO COAL RESEARCH 

G. A. S t .  John,  S. E .  B u t t r i l l ,  Jr .  and M .  Anbar 

Stanford Research I n s t i t u t e  

Menlo Park ,  C a l i f o r n i a  94025 
Mass Spectrometry Research Center  

Mass spectrometry o f f e r s  a unique way t o  c h a r a c t e r i z e  c o a l  l i q u e f a c t i o n  products .  
Molecular  weight p r o f i l e s  of such complex mixtures  of organic  m a t e r i a l s  may be 
considered a s  t h e  f i r s t  s t e p  i n  t h e  unders tanding  of t h e i r  n a t u r e  i n  molecular  terms. 
Molecular  weight p r o f i l e s  may be produced by nonfragmenting mass spec t romet ry ,  which 
almost  e x c l u s i v e l y  y i e l d s  molecular  ions .  F i e l d  i o n i z a t i o n  produces molecular  i o n s  
from most organic  compounds (1). When a complex mixture  is analyzed by t h i s  mass 
spec t romet r ic  technique ,  w e  o b t a i n  a s i n g l e  peak f o r  each c o n s t i t u e n t  o r  fo r  a group 
of c o n s t i t u e n t s  t h a t  s h a r e s  t h e  same nominal molecular  weight .  By repea ted  mul t i -  
scanning,  we can o b t a i n  a q u a n t i t a t i v e  molecular  weight p r o f i l e  of complex mixtures  ( 2 ) .  

The d e t a i l e d  molecular  weight p r o f i l e s  a t t a i n a b l e  by f i e l d  i o n i z a t i o n  mass 
spectrometry a r e  much more informat ive  than  molecular  weight p r o f i l e s  ob ta ined  by 
g c l  permeation chromatography (GPC). Moreover, GPC is s u b j e c t  to  a r t i f a c t s  caused 
by a s s o c i a t i o n s  of s o l u t e s  or by so lu te -so lvent  complex formations.  The average 
molecular  weight p r o f i l e s  obtained by vapor phase osmosis (VPO) c o n t a i n  minimal 
chemical information and a r e  u s e f u l  mainly i n  conjunct ion  wi th  p r i o r  chromatographic  
s e p a r a t i o n .  The c o s t  p e r  mass s p e c t r o m e t r i c  a n a l y s i s  i s  h i g h e r  t h a n  by t h e s e  t w o  
techniques ,  bu t  t h e  information obta ined  on each i n d i v i d u a l  c o n s t i t u e n t  or group 
of c o n s t i t u e n t s  would c o s t  much more i f  obtained s e p a r a t e l y  by o t h e r  techniques .  
The advantage of t h e  mass s p e c t r o m e t r i c  technique  i s  its u n i v e r s a l i t y ;  for t h e  
same sample, t h e  same molecular  weight p r o f i l e  w i l l  be  obta ined  by d i f f e r e n t  
i n v e s t i g a t o r s  using d i f f e r e n t  mass spec t rometers .  

Low energy e l e c t r o n  impact i o n i z a t i o n ,  which induces  r e l a t i v e l y  l i t t l e  
fragmentat ion,  has  been proposed a s  an a p p r o p r i a t e  a l t e r n a t i v e  technique  f o r  t h e  
a n a l y s i s  of complex organic  mixtures  (3,4) i n c l u d i n g  f u e l s ( 5 ) .  However, an e x c e l l e n t  
sys temat ic  s tudy by Scheppele e t  a 1  (6), has  shown t h a t  f i e l d  i o n i z a t i o n  i s  by 
f a r  s u p e r i o r  f o r  t h i s  purpose. This  r e c e n t  s tudy has  shown t h a t  t h e  r e l a t i v e  
i o n i z a t i o n  e f f i c i e n c i e s  by f i e l d  i o n i z a t i o n  of many d i f f e r e n t  c l a s s e s  of organic  
compounds a r e  very s i m i l a r ,  ranging  only  over  a f a c t o r  of t w o .  T h i s  can be  compared 
wi th  a range of  over  a n  o r d e r  of magnitude f o r  low energy e l e c t r o n  impact on the  
same s u b s t r a t e s .  Moreover, it was shown (6) t h a t  once c o r r e c t e d  f o r  t h e  small 
d i f f e r e n c e s  i n  i o n i z a t i o n  e f f i c i e n c i e s ,  which can be programmed and c a l c u l a t e d  
f o r  known homologous s e r i e s ,  t h e  a n a l y s i s  of complex mixtures ,  l i k e  f u e l s ,  can  
produce q u a n t i t a t i v e  r e s u l t s  wi th  a s i g n i f i c a n t l y  lower var iance  t h a n  o b t a i n a b l e  

wi th  l o w  energy e l e c t r o n  impact ,  fo l lowing  an i d e n t i c a l  computat ional  c o r r e c t i o n .  

-- 
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Without such a c o r r e c t i o n ,  when d e a l i n g  with unknown c o n s t i t u e n t s ,  f i e l d  i o n i z a t i o n  
i s  by f a r  a s u p e r i o r  t echn ique  for o b t a i n i n g  semiquan t i t a t ive  information on t h e  
composition of h i g h l y  complex mix tu re .  

F i e l d  i o n i z a t i o n  is f a c i l i t a t e d  by t h e  high f i e l d  g rad ien t  t h a t  can be produced 
with ve ry  high c u r v a t u r e s .  
r e q u i r e s  less than  1000 V to  produce f i e l d  i o n i z a t i o n .  Such a c o n f i g u r a t i o n  i s  read i ly  
a t t a i n a b l e  i n  a r ep roduc ib le  manner by the a p p r o p r i a t e  technology. A t  SRI, we have 
developed a novel f i e l d  i o n i z a t i o n  source ,  t h e  p r e a c t i v a t e d  f o i l  s l i t  type source (7). 
Th i s  source i s  s u p e r i o r  t o  t h e  now c l a s s i c a l  SRI mul t ipo in t  source ( 2 , 8 )  because of 
i t s  lower s e n s i t i v i t y  t o  d e a c t i v a t i o n  i n  t h e  presence of oxygen-, s u l f u r - ,  or halogen- 
c o n t a i n i n g  compounds. The new source comprises an  a c t i v a t e d  tantalum f o i l  on which 
carbonaceous d e n d r i t e s  are' depos i t ed  from pyr id ine  vapor  a t  h igh  temperature  under a 
high e l e c t r o s t a t i c  f i e l d  (7). 

A cathode with a r a d i u s  of cu rva tu re  of about 0.1 LL 

The mass a n a l y z e r  used by u s  f o r  multicomponent a n a l y s i s  i s  a 60' s e c t o r ,  25 cm 
instrument  and h a s  been desc r ibed  before  (9 ) .  The temperature  of t h e  sample can be 
c o n t r o l l e d  independent ly  of t h e  temperature  o f  t h e  source.  The temperature  of the 
sou rce  is  maintained c o n s t a n t  and h ighe r  t han  t h e  maximum temperature  t h e  sample i s  
sub jec t ed  t o ;  t h i s  p r e v e n t s  memory e f f e c t s  and r e s u l t s  i n  more c o n t r o l l e d  i o n i z a t i o n  
cond i t ions .  
handle  thermally s t a b l e  compounds of very low v o l a t i l i t y  (9 ) .  

T h i s  i o n i z a t i o n  source ,  which may be ope ra t ed  up t o  4OO0C, may t h u s  

The i o n i z a t i o n  e f f i c i e n c y  of our sources  is 5 x or h i g h e r ,  (10) which i s  
comparable t o  t h a t  of advanced e l e c t r o n  impact sou rces .  However, owing t o  t h e  
r e l a t i v e l y  l a r g e  a r e a  of our  i o n i z a t i o n  source,  t he  high energy of t h e  i o n s  produced, 
and t h e i r  d ive rgence ,  less t h a n  of t h e  i o n s  produced a r e  d e t e c t e d  a f t e r  mass 
s e p a r a t i o n .  The o v e r a l l  e f f i c i e n c y  o f  t he  p re sen t  gene ra t ion  of f i e l d  i o n i z a t i o n  mass 
spectrometers  i s  about  2 x ions/molecule f o r  i n s t rumen t s  with a magnetic s e c t o r  
a n a l y z e r  and a r e s o l u t i o n  of 700. 

S ince  most o r g a n i c  compounds have s i m i l a r  f i e l d  i o n i z a t i o n  e f f i c i e n c i e s  ( 6 ) ,  the 
. molecular  weight p r o f i l e  ob ta ined  by i n t e g r a t i n g  a l l  t h e  s p e c t r a  while  evapora t ing  

t h e  sample t o  complet ion t r u l y  r e p r e s e n t s  t h e  composition o f  t h e  mixture .  A number 
of examples of molecu la r  weight  p r o f i l e s  of d i f f e r e n t  coa l  l i q u e f a c t i o n  products  
have been p resen ted  e l sewhere  ( 9 ) .  These s p e c t r a  were ob ta ined  on o u r  mass spectrome- 
t r i c  system before it was i n t e r f a c e d  with a PDP-11 computer. I n  t h i s  mode of 
o p e r a t i o n ,  t h e  mass r ange  of interest was scanned r epea ted ly  and synchronized with a 
4096-multichannel a n a l y z e r  o p e r a t i n g  i n  the  m u l t i s c a l e r  mode ( 8 ) .  The instrument  
i n t e g r a t e s  t h e  s p e c t r a  produced i n  each scan i n t o  a composite mass spectrum. The 
i n t e g r a t i o n  over  time is necessa ry  because t h e  sample i s  evaporated slowly and the  
composition of t h e  vapor  phase changes because o f  t h e  wide range of v o l a t i l i t y  of 
the d i f f e r e n t  components. This f i e l d  i o n i z a t i o n  mass spec t romet r i c  system t h u s  
f a c i l i t a t e s  t h e  q u a n t i t a t i v e  a n a l y s i s  o f  molecular  weight p r o f i l e s  of mix tu res  t h a t  
may c o n t a i n  c o n s t i t u e n t s  va ry ing  i n  t h e i r  vapor p re s su re  by many o r d e r s  of magnitude 
( e s t ima ted  range, 10") ove r  a mass range up t o  2000 amu wi th  a r e s o l u t i o n  o f  M/AM 
= 800. 
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Computer Con t ro l l ed  F I  Multicomponent Ana lys i s  

The publ ished f i e l d  i o n i z a t i o n  s p e c t r a  of c o a l  l i q u e f a c t i o n  p roduc t s  (9)  a r e  
j u s t  t h e  f i r s t  s t e p  i n  t h e  f u l l  u t i l i z a t i o n  of f i e l d  i o n i z a t i o n  mass spec t romet r i c  
multicomponent a n a l y s i s .  
a l though t h e  information i n  each  channel  i s  d i g i t i z e d ,  t h e s e  s p e c t r a  g i v e  US on ly  a 
means o f  v i s u a l  i n s p e c t i o n  of t h e  gross f e a t u r e  of t h e  s p e c t r a .  Accurate  mass 
assignment and t h e  i n t e g r a t e d  ion  coun t s  under  each peak a r e  l a c k i n g ,  and these  a r e  
necessary f o r  any d e t a i l e d  q u a n t i t a t i v e  i n t e r p r e t a t i o n  of t h e s e  complex Spec t r a .  

These a r e  c h a r t  r eco rd ings  from a 4096-channel ana lyze r  and, 

W e  would a l s o  l i k e  t o  know t h e  "h i s to ry"  of each peak--the a c t u a l  r a t e  Of 

accumulation of t h e  i o n s  of a given nominal molecular  weight a s  a f u n c t i o n  Of t i m e  
and temperature  of t he  analyzed sample. This information i s  necessary f o r  e s t ima t ing  
t h e  number of m a t e r i a l s  of t h e  same nominal molecular  weight t h a t  c o n t r i b u t e d  t o  a 
given peak. Moreover, from t h e  temperature  p r o f i l e  o f  a given peak, it may be 
p o s s i b l e  t o  deduce whether some of t h e  c o n t r i b u t i n g  i o n s  o r i g i n a t e  from a chemical 
p rocess  ( e .g . ,  p y r o l y s i s ,  dehydrogenat ion)  t h a t  took p l a c e  i n  t h e  sample while t he  
sample probe was being hea ted .  Obtaining,  f o r  i n s t a n c e ,  a m a t e r i a l  w i th  a molecular  
weight of only 150 when t h e  probe temperature  r eaches  3OO0C sugges t s  t h a t  it may be a 
secondary p y r o l y t i c  decomposi t ion product .  The temperature  p r o f i l e  a n a l y s i s  may help 
u s  t o  d i s t i n g u i s h  between t h e s e  two p o s s i b i l i t i e s  and even determine t h e  a c t i v a t i o n  
energy f o r  t h e  appearance o f  t h e  given s p e c i e s .  

To achieve t h e s e  goa l s ,  w e  have i n t e r f a c e d  ou r  mass spec t romet r i c  system wi th  
a PDP 11/10 ded ica t ed  computer (Fig.  1 ) .  The computer c o n t r o l s  t h e  magnet s can  of 
t h e  mass spectrometer  by means o f  t h e  12-bi t  d ig i t a l - to -ana log  c o n v e r t e r  (DAC). The 
d a t a  a c q u i s i t i o n  program increments  t h e  i n p u t  t o  t h e  DAC a t  p r e c i s e l y  c o n t r o l l e d  
t i m e  i n t e r v a l s  so t h a t  each  channel  i s  r e c e i v i n g  i o n s  counted f o r  e x a c t l y  t h e  same 
amount of t ime. A t  t h e  end o f  each  t i m e  i n t e r v a l ,  t h e  computer causes  t h e  ion 
coun t s  accumulated by t h e  10-MHz c o u n t e r  t o  be t r a n s f e r r e d  t o  t h e  1 2 - b i t  b u f f e r  
r e g i s t e r .  The coun te r  i s  c l e a r e d  and r e s t a r t e d  i n  less than  one microsecond, so 
t h e  i n t e r f a c e  h a s  a n e g l i g i b l e  dead-time and no i o n  c o u n t s  a r e  missed. The DAC input  
i s  incremented by one u n i t ,  and t h e  i o n  count  i n  t h e  b u f f e r  i s  t r a n s f e r r e d  t o  t h e  
computer and added t o  the p rev ious  i o n  c o u n t s  f o r  t h a t  channel .  The t i m e  spen t  a t  
each channel ,  or i n  o t h e r  words, t h e  scan  r a t e  of t h e  mass spec t romete r ,  i s  v a r i a b l e  
and i s  c o n t r o l l e d  by t h e  o p e r a t o r  through t h e  d a t a  a c q u i s i t i o n  so f tware .  Actual  
t i m e  i n t e r v a l s  a r e  measured w i t h i n  t h e  computer by a programmable c l o c k  based on a 
very s t a b l e  q u a r t z  c r y s t a l  o s c i l l a t o r .  

The output  from t h e  DAC is  a l i n e a r  v o l t a g e  ramp, s i n c e  each  of the.'4096 
p o s s i b l e  channels  i s  a c t i v e  f o r  an  equa l  amount of time. Since t h e  mass of t h e  i o n s  
foaused on t h e  mass spec t romete r ' s  d e t e c t o r  v a r i e s  a s  t h e  squa re  r o o t  of t h e  
magnet c u r r e n t ,  t h e  magnet scan c o n t r o l  u n i t  i s  used t o  conve r t  t h e  l i n e a r  vo l t age  
ramp i n t o  a s i g n a l  t h a t  d r i v e s  t h e  magnet power supply t o  produce a l i n e a r  mass scan. 

The 12-bi t  ana log - to -d ig i t a l  c o n v e r t e r  (ADC) i s  connected t o  a temperature  
programmer f o r  t h e  s o l i d s  probe. A t  t h e  end o f  each mass spectrometer  scan,  t h e  
temperature  of t h e  probe i s  recorded f o r  l a t e r  u se  i n  t h e  p r i n t e d  r e p o r t s  o r  d a t a  
a n a l y s i s .  
program can be very p r e c i s e l y  reproduced t o  a l low meaningful comparisons between 
samples. Our experience i n d i c a t e s  t h a t  most pure compounds a r e  v o l a t i l i z e d  ove r  a 
narrow temperature  range of 10-30°C. 

Since t h e  temperature  programmer is d i g i t a l l y  d r i v e n ,  a given temperature  

Thus, s e p a r a t e  peaks w i l l  be observed i n  
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t h e  temperature  p r o f i l e  of a S i n g l e  mass i f  t h e r e  i s  more than  one component of t h e  
sample wi th  t h a t  p a r t i c u l a r  molecular  weight .  I t  is p o s s i b l e  t o  d i s t i n g u i s h  between 
genuine low molecular  weight  components of a sample and those  r e s u l t i n g  from t h e  
thermal  decomposition of much. la rger  molecules  because t h e s e  two d i f f e r e n t  t y p e s  of 
s p e c i e s  appear  a t  very d i f f e r e n t  temperatures .  Our experiments  show no i n d i c a t i o n  
of s i g n i f i c a n t  p y r o l y s i s  of Coal l i q u e f a c t i o n  products  or of c rude  o i l s .  

The r e p o r t  program produces r e p o r t s  l i s t i n g  t h e  masses and t o t a l  i o n  counts  
f o r  each  peak i n  t h e  spectrum. Two d i f f e r e n t  formats  a r e  a v a i l a b l e !  one i s  a 
simple t a b l e  of t h e  peak mass and i n t e n s i t y ,  and t h e  o t h e r  i s  t h e  same informat ion  
a r ranged  i n  a f i x e d  format  with 14  masses i n  each row. The advantage of t h i s  second 
format i s  t h a t  homologs a r e  a l l  l i s t e d  i n  t h e  same column, making it easy  t o  p i c k  
o u t  groups of peaks t h a t  may have s i m i l a r  chemical s t r u c t u r e s .  

The p l o t t i n g  program produces s imple b a r  graphs of t h e  mass s p e c t r a  on t h e  
X-Y recorder .  F u l l - s c a l e  i n t e n s i t y  is a r b i t r a r i l y  chosen a s  50 and t h e  e n t i r e  
spectrum is  a u t o m a t i c a l l y  s c a l e d ,  i f  necessary ,  by d i v i d i n g  a l l  peak i n t e n s i t i e s  
by an i n t e g e r .  F igure  2 i s  an  example of a spectrum p l o t  ob ta ined  i n  t h i s  manner. 
These s p e c t r a  a r e  e v i d e n t l y  s u p e r i o r  i n  q u a l i t y  t o  t h o s e  obta ined  wi th  t h e  mult i -  
channel  ana lyzers  (9). 

Addi t iona l  programs are a v a i l a b l e  f o r  performing s imple b u t  u s e f u l  d a t a  handl ing  
t a s k s .  These inc lude  programs f o r  l i s t i n g  on t h e  te rmina l  t h e  i o n  counts  i n  each  
channel  of a raw d a t a  f i l e  and a Program f o r  SUmIIing t h e  d a t a  i n  s e v e r a l  f i l e s  i n t o  
a composite spectrum. The l a t t e r  program i s  u s e f u l  f o r  o b t a i n i n g  t h e  molecular  
weight p r o f i l e  of a complex multicomponent mixture  by adding t o g e t h e r  a l l  the  
s p e c t r a  obtained from a sample. 

Addi t iona l  examples of t h e  types  of in format ion  c u r r e n t l y  a v a i l a b l e  from t h e  
combination of FIMS and t h e  PDP 11/10 computer a r e  shown i n  F i g s .  3a and 3b. The 
sample was f r a c t i o n s  1 and 2 of b a s i c  compounds from an H-coal product  and was 
provided t o  u s  by t h e  A t l a n t i c  R i c h f i e l d  Company. The e v o l u t i o n  of t h i s  spectrum a s  
a f u n c t i o n  of tempera ture  i s  presented  i n  F igs .  3a and 3b. T h i s  f i g u r e  p r e s e n t s  the  
p l o t t e d  spec t ra  i n t e g r a t e d  w i t h i n  t h e  d i f f e r e n t  temperature  ranges d u r i n g  the  
evapora t ion  of a s i n g l e  sample. 

The f i r s t  t h r e e  s p e c t r a  i n  F igure  3a show v o l a t i l e  components of t h e  sample 
t h a t  came off as soon a s  t h e  sample was introduced i n t o  t h e  mass spec t rometer .  When 
t h e  s i g n a l  produced by t h e s e  v o l a t i l e  m a t e r i a l s  began t o  d e c r e a s e ,  t h e  o p e r a t o r  
s t a r t e d  t h e  temperature  program, h e a t i n g  t h e  sample a t  about  2OC per  minute. 
h e a t i n g  r a t e  was i n c r e a s e d  twice  d u r i n g  t h e  run t o  main ta in  a reasonably high 
s i g n a l  a s  the less v o l a t i l e  components were being ana lyzed .  F i n a l l y ,  t h r e e  s p e c t r a  
were recorded a t  325OC, (Figure 3b)  which was t h e  f i n a l  probe temperature  f o r  t h i s  
sample. Weighing t h e  sample before  and a f t e r  a n a l y s i s  showed t h a t  94% of t h i s  
m a t e r i a l  was v o l a t i l i z e d .  

The 

These r e s u l t s  i l l u s t r a t e  t h e  v a s t  amount of in format ion  t o  be obta ined  by 
combining chemical s e p a r a t i o n s  wi th  nonfragmenting FIMS i n  t h e  a n a l y s i s  of coa l  
l i q u e f a c t i o n  products .  
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Figure 4 is  an example of a spectrum of a c rude  o i l  analyzed by t h e  computer i n  
t h e  same manner a s  t h e  samples presented i n  F i g u r e s  2 and 3. The only d i f f e r e n c e  
was t h a t  t h e  crude o i l  sample was "weathered" i n  t h e  probe a t  room t empera ture  to 
remove t h e  most v o l a t i l e  c o n s t i t u e n t s .  The same sample was analyzed 5 t imes t o  
a s s e s s  t h e  var iance  of t h e  a n a l y t i c a l  procedure.  F igure  5 p r e s e n t s  t h e  s tandard  
d e v i a t i o n  of each of t h e  mass peaks a s  a f u n c t i o n  of molecular  weight .  One can 
see  h e r e  t h a t  t h e  c o n s t i t u e n t s  b e l o w  250 amu have a h igh  var iance  due t o  i r reproduc-  
i b l e  preevaporat ion ("weathering") bu t  i n  t h e  mass range 250 t o  550, t h e  s tandard  
d e v i a t i o n  i s  i n  t h e  range of 3 t o  6%, which i s  very s a t i s f a c t o r y  f o r  such a complex 
a n a l y s i s .  I t  should be noted t h a t  even t h e  most abundant c o n s t i t u e n t s  i n  our  
complex mixture amount t o  j u s t  about 0.6% of t h e  t o t a l .  A t  h i g h e r  molecular  weights ,  
t h e r e  i s  an i n c r e a s e  i n  t h e  var iance  predominantly because of t h e  lower abundance 
of t h e s e  c o n s t i t u e n t s  and poss ib ly  a l s o  because of some i r r e p r o d u c i b l e  p y r o l y s i s  
or polymerizat ion of such minor components. The e f f e c t  of abundance on t h e  
v a r i a b i l i t y  of  t h e  i n d i v i d u a l  c o n s t i t u e n t s  can be seen  i n  F igure  6 which a l s o  
p r e s e n t s  t h e  t h e o r e t i c a l  lower l i m i t  of var iance  due t o  s t a t i s t i c a l  f l u c t u a t i o n s  of 
t h e  i o n s  counted.  The two l i n e s  "200" and "800" d e s i g n a t e  t h e  t h e o r e t i c a l  l i m i t  
f o r  t h e s e  two extreme c a s e s  of molecular  weights .  The l i m i t s  are d i f f e r e n t  because 
of t h e  d i f f e r e n c e  i n  t h e  monitor ing time p e r  amu d u r i n g  t h e  magnetic scanning.  The 
a c t u a l  var iance  i s  about 2 t o  3 t imes  h i g h e r  than  t h e  t h e o r e t i c a l  lower l i m i t .  This  
i s  f a i r l y  s a t i s f a c t o r y  i n  view of t h e  complexity of t h e  sample and t h e  a n a l y t i c a l  
procedure.  

F i e l d  Desorpt ion Experiments 

Two years  ago, w e  developed a t  SRI a novel type of f i e l d  desorb ing  source t h a t  
used a broken metal  t i p  (11) .  We have also shown t h a t  i o n i c  and o t h e r  p o l a r  
subs tances  f i e l d  desorb  more r e a d i l y  when d i s s o l v e d  i n  an  a p p r o p r i a t e  n o n v o l a t i l e  
mat r ix .  O u r  p re l iminary  tests on low molecular  weight hydrocarbon polymers were 
h ighly  encouraging (9). Recent ly ,  w e  have extended our experiments ,  u s i n g  broken 
g r a p h i t e  rods and bundles  of g r a p h i t e  rods  and bundles  of g r a p h i t e  f i b e r s  a s  f i e l d  
desorb ing  sources ,  with evan g r e a t e r  success .  We appl ied  t h e s e  sources  t o  t h e  
a n a l y s i s  of asphal tenes .  Figure 7 shows a f i e l d  d e s o r p t i o n  spectrum (obta ined  on a 
mult ichannel  ana lyzer )  of t h e  a s p h a l t e n e s  of SRC produced from I l l i n o i s  No. 6 c o a l .  
The spectrum was obta ined  from a g r a p h i t e  f i b e r  f i e l d  desorb ing  bundle a t  205OC. 

An example of a computer handled FD spectrum of a s p h a l t e n e s  (produced from 
Kentucky c o a l )  i s  presented  i n  F ig .  8 .  I n  o r d e r  t o  provide  a d i r e c t  comparison of 
t h e  c h a r a c t e r i s t i c s  of FD and FI s p e c t r a  c u r r e n t l y  a v a i l a b l e ,  F igures  8-12 show the  
raw d a t a  a s  i t  was acqui red  by t h e  Computer, r a t h e r  than  t h e  normal bar-graphs. 
The r e s o l u t i o n  of t h e  FD spectrum is i n f e r i o r  t o  t h a t  ob ta ined  by FI of t h e  same 
sample (Fig.  9), probably due t o  t h e  wider energy spread of t h e  f i e l d  desorbed ions ,  
a s  wel l  a s  t o  t h e  f l u c t u a t i n g  na ture  of t h e  FD i o n  beam. Note, however, t h e  
s i g n i f i c a n t  mass peaks a t  about  395 amu i n  t h e  FD spectrum which a r e  a b s e n t  i n  t h e  
FI spectrum. 
a s  shown i n  F igure  10. F igure  11 a-d p r e s e n t  FD s p e c t r a  i n  t h e  temperature  range 
160 t o  187OC. Comparison of t h e s e  s p e c t r a  with t h e  FI spectrum over  t h e  same 
temperature  range (Fig.  9) and over  a h i g h e r  temperature  range (F ig .  12)  shows t h a t  
under FD, one i o n i z e s  t h e  same c o n s t i t u e n t s ,  or o t h e r  compounds of comparable 
molecular  weight ,  a t  s i g n i f i c a n t l y  lower tempera tures .  The r e p r o d u c i b i l i t y  and 
r e s o l u t i o n  obtained by FD a r e ,  however, major l i m i t i n g  f a c t o r s  i n  t h e  a p p l i c a t i o n  of 

T h i s  f e a t u r e  appears  a g a i n  a t  somewhat h igher  tempera tures  (157-158OC) 
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t h i s  technique a s  a q u a n t i t a t i v e  way t o  c h a r a c t e r i z e  c o a l  products .  Some of t h e s e  
l i m i t a t i o n s  could be overcome by f o c a l  p lane  s imultaneous i o n  c o l l e c t i o n  techniques  
( e . g . ,  photoplate  mass spec t rography) .  

Summary 

W e  have shown t h a t  mass spec t romet r ic  multicomponent a n a l y s i s  techniques  a r e  
i d e a l  f o r  the  c h a r a c t e r i z a t i o n  of c o a l  l i q u e f a c t i o n  and f u e l  products .  These inc lude  
t h e  c a p a b i l i t y  of de te rmining  molecular  weight p r o f i l e s  up to  1000 amu with u n i t  
amu r e s o l u t i o n  and t h e  a b i l i t y  t o  o b t a i n  and record molecular  weight p r o f i l e s  a s  a 
f u n c t i o n  of sample tempera ture  d u r i n g  a temperature  programmed evapora t ion  of t h e  
analyzed sample. 

Combined w i t h  a p p r o p r i a t e  l i q u i d  chromatographic s e p a r a t i o n  techniques  or c e r t a i n  
f a s t  and q u a n t i t a t i v e  d e r i v a t i z a t i o n  procedures  t o  s e p a r a t e  c o a l  l i q u e f a c t i o n  products  
i n t o  f a m i l i e s  of compounds, advanced FIMS o f f e r s  an unprecedented,  p r e c i s e  and 
meaningful a n a l y t i c a l  methodology f o r  t h e  C h a r a c t e r i z a t i o n  of c o a l  products .  

The f i e l d  i o n i z a t i o n  technique descr ibed  i n  t h i s  paper  is not  y e t  p e r f e c t ,  and 
it r e q u i r e s  some f u r t h e r  development i n  t h e  a r e a s  of ins t rumenta t ion ,  sample 
pre t rea tment ,  and d a t a  handl ing .  However, t h e r e  is  s u f f i c i e n t  evidence t h a t  t h i s  
technique  can provide t h e  b a s i s  f o r  one of t h e  most comprehensive a n a l y t i c a l  
methodologies e v e r  a v a i l a b l e  t o  c o a l  r e s e a r c h .  

146 



REFERENCES 

I 

I 

I 

1. H.D. Beckey, F i e l d  I o n i z a t i o n  Mass Spectrometry,  Pergamon P r e s s ,  
Elmsford,  N . Y . ,  1971. 

2. M. Anbar and W .  H. Aberth,  " F i e l d  I o n i z a t i o n  Mass Spectrometry--A N e w  
Tool f o r  t h e  A n a l y t i c a l  Chemist ," Anal. Chem. 46, 59A (1974). 

3. H. E. Lumpkin and T. Acze l ,  "Low Voltage S e n s i t i v i t i e s  of Aromatic 
Hydrocarbons," Anal. Chem. 36, 181 (1964). 

4. J .  L. S c h u l t z ,  A. G. Sharkey, J r . ,  and R. A. Brown, " D e t e n i n a t i o n  
of Mass Spec t rometr ic  S e n s i t i v i t y  Data f o r  Hydroaromatic Compounds," 
Anal. Chem. 44, 1486 (1972).  

5. T. Aczel and H. E. Lumpkin, "MS Analys is  of Coal  Liquefac t ion  Products , "  
23rd Annual Conference on Mass Spectrometry and A l l i e d  Topics ,  
Houston, Texas (1975) ,  p. 228. 

6. S. E. Scheppele ,  P. L. G r i z z l e ,  G. J.  Greenwood, T. D. M a r r i o t t ,  and 
N.  B. P e r r e i r a ,  "Determination of F i e l d  I o n i z a t i o n  R e l a t i v e  
S e n s i t i v i t i e s  f o r  t h e  Analys is  of Coal-Derived Liquids  and T h e i r  
C o r r e l a t i o n  wi th  Low Voltage E l e c t r o n  Impact R e l a t i v e  S e n s i t i v i t i e s , "  
Anal. Chem. 48, 2105 (1976). 

7. R. H. C r o s s ,  H. L. Brown and M. Anbar, "Preac t iva ted  Highly E f f i c i e n t  
L i n e a r  F i e l d  I o n i z a t i o n  Source,"  Rev. Sc ien .  Instrum. 41, 1270 (1976). 

8. M. E. S c o l n i c k ,  W. H. Aberth,  and M. Anbar, "An I n t e g r a t i n g  Mult iscanning ' 

F i e l d  I o n i z a t i o n  Mass Spectrometer ,"  I n t .  J.  Mass Spectrom. Ion Phys. 
- 1 7 ,  139 (1975). 

9. M.  Anbar and G. A. S t .  John ,  " C h a r a c t e r i z a t i o n  of Coal Liquefac t ion  
Products  by Molecular  Weight P r o f i l e s  Produced by F i e l d  I o n i z a t i o n  
Mass Spectrometry,"  F u e l ,  i n  p r e s s  (1977). 

10. H. L. Brown, R. H. Cross  and M. Anbar, "Charac te r iza t ion  of Mul t ipo in t  
F i e l d  I o n i z a t i o n  Sources, ' '  I n t .  J .  Mass Spectrom. Ion Phys. 23, 63 (1977). '  

11. M. Anbar and G. A. S t .  J o h n ,  "FI-FD Source f o r  Nonfragmenting Mass 
Spectrometry,"  Anal. Chem. g, 198 (1976). 

I \ 

147 



PDP-11/10 
COMPUTER 1 

12-BIT DAC 

SCAN CONTROL 

CHANNELS 

SOLID SAMPLE 
PROBE TEMPERATURE 

PROGRAMMER 

-- 
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FIGURE 2 KENTUCKY 9/14 SRC, OILS FRACTION (SOURCE: ARCO) 
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FIGURE 3 A  FRACTIONS 1 AND 2 FROM H-COAL PRODUCT 177-57-49 BY COLUMN 
CHROMATOGRAPHY (SOURCE: ARCO) 
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FIGURE 3 8  FRACTIONS 1 A N D  2 FROM H-COAL PRODUCT 177-5749 BY COLUMN 
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FIGURE 4 VENEZUELAN OIL WEATHERED IN MASS SPECTROMETER 
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FIGURE 5 STANDARD DEVIATION OF EACH OF THE MASS PEAKS AS FUNCTION 
OF MOLECULAR WEIGHT 
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FIGURE 7 ASPHALTENES FROM ILLINOIS NO. 6 COAL, SRC PRODUCT, ARC0 
SAMPLE NO. 9634, GRAPHITE FIBERS SOURCE - FDMS 
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FIGURE 8 FIELD DESORPTION MASS SPECTRUM OF KENTUCKY SRC 
ASPHALTEN ES, 132"-154°C 
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FIGURE 9 FIELD IONIZATION MASS SPECTRUM OF KENTUCKY 
SRC ASPHALTENES, 133O-188OC 
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FIGURE 10 FIELD DESORPTION MASS SPECTRUM OF KENTUCKY 
SRC ASPHALTENES, 157°-1580C 
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FIGURE 11 FIELD DESORPTION MASS SPECTRA OF KENTUCKY 
SRC ASPHALTENES, 160°-1870C 

15 4 



FI SPECTRA 
189" - 350°C 
230 SCANS 

I I I 1 
100 2d0 300 4do 500 600 700 

I 

FIGURE 12 FIELD IONIZATION MASS SPECTRUM OF KENTUCKY 
SRC ASPHALTENES, 189'-350°C 
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